A B S T R A C T The role of nonchylomicron very low density lipoproteins (VLDL, in the transport of triglyceride and cholesterol was studied during lipid absorption. Various long chain fatty acids were infused intraduodenally in the form of mixed fatty acid-monoolein-taurocholate micelles; control animals received saline or taurocholate.
A B S T R A C T The role of nonchylomicron very low density lipoproteins (VLDL, St 20-400) in the transport of triglyceride and cholesterol was studied during lipid absorption. Various long chain fatty acids were infused intraduodenally in the form of mixed fatty acid-monoolein-taurocholate micelles; control animals received saline or taurocholate.
As compared with controls, all fatty acids (palmitic, oleic, linoleic) resulted in significant increases in chylomicron (Sf > 400) triglyceride. In addition, palmitic acid resulted in a twofold increase in VLDL triglyceride, whereas with the absorption of oleic or linoleic acid VLDL triglyceride did not change significantly. Differences in triglyceride fatty acid composition between chylomicrons and VLDL were observed during lipid absorption.
Although the absolute amount of endogenous cholesterol in intestinal lymph was not significantly affected by lipid absorption under these conditions, its lipoprotein distribution differed substantially among the lipidinfused groups. During palmitate absorption, VLDL cholesterol was similar to that in the taurocholate-infused controls, and was equal to chylomicron cholesterol. In contrast, during oleate and linoleate absorption the VLDL cholesterol fell markedly, and was less than half of the chylomicron cholesterol in these groups. The half-time of plasma survival of VLDL cholesterol-"4C was found to be twice that of chylomicron cholesterol-INTRODUCTION In previous studies (1) we have shown that in the fasting state very low density lipoproteins (VLDL) play a major role in the transport of endogenous lipids in intestinal lymph. This class of triglyceride-rich lipoproteins can be operationally distinguished from the less dense chylomicrons by its flotation rate (VLDL, Sf 20-400; chylomicrons, Sf > 400). Although it is possible that VLDL and the more often studied chylomicrons represent two ends of a single spectrum of particle size and density, these two fractions differ also in other respects, including electrophoretic mobility in agarose gel and per cent lipid and protein composition (1, 2) . Accordingly, intestinal lymph VLDL bear a greater similarity to plasma VLDL than to chylomicrons. These observations have suggested that the metabolic role of intestinal lymph VLDL may differ, at least quantitatively, from that of chylomicrons, and that they may contribute to plasma VLDL levels.
In the present studies we have extended our observations of intestinal lymph VLDL to an assessment of their role in the transport of triglyceride and cholesterol during the absorption of exogenous lipid. The Statistical methods. Student's t test was used to assess the significance of differences between groups, when only two groups were being compared in a given experiment. In those experiments in which more than two groups are compared, this test is not sufficiently stringent in its requirements for significance. Accordingly, in such experiments the analysis of variance method was used, in order to assess the null hypothesis that all groups were derived from only one population (i.e. that no significant differences were present among them). In those cases in which the probability (P) of this was found to be less than 0.05 (suggesting that one or more significant differences did exist), all groups were compared with each other by means of Tukey's method of multiple comparisons (6) . Groups which differed significantly from each other (P < 0.05) by this method are indicated in the tables. In appropriate experiments, regression lines and correlation coefficients were determined by standard methods (5) .
RESULTS
Effect of intraduodenal infusions on lipids of intestinal lymph. Lymph collected during the 3 hr test infusion period was analyzed for total content of triglyceride, Very Low Density Lipoproteins in Intestinal Lymphcholesterol and phospholipid, and the results were expressed in milligrams per hour (Tables I and II) . It is seen that whole lymph lipid levels in NaCl and taurocholate-infused groups did not differ significantly from each other. Similarly, no significant differences were observed among the three lipid-infused groups. As expected, lipid-infused groups showed significant increases in lymph triglyceride and phospholipid levels, averaging approximately three and two times control levels, respectively (Table I ). There were no statistically significant differences in lymph cholesterol levels among any of the groups (Table II) These results indicate that administered palmitic and linoleic acids lead to significant differences in the lipoprotein distribution of the triglycerides subsequently appearng in intestinal lymph. In order to visualize this difference more clearly, the data were analyzed in another manner, as shown in Fig. 1 Plasma survival of cholesterol-"4C-labeled lymph lipoproteins. In order to determine if the lipoprotein form in which cholesterol entered the plasma might influence its subsequent metabolism, intestinal lymph lipoproteins labeled with cholesterol-"4C were injected intravenously into intact recipient rats, and the half-life (ti) of the injected radioactivity was determined. In Fig. 2 .sma radioactivity after i.v. cholesterol-"C-tein-to-triglyceride ratio (1) requires less total apoprolipoproteins. After intraduodenal infusion of tein to transport a given amount of triglyceride. Theoes of cholesterol-"C, lipoprotein fractions were retically, therefore, this is a more efficient process and intestinal lymph and infused into nonoperated because of the metabolic advantage to the mucosal cell l plasma was assayed at intervals for radio-would be expected to be the preferential transport parn are the calculated mean half-times of plasma tide. As has been noted, however, although chylomicrons for six (VLDL) and five (chylomicrons) were Asihas e en d, hw er, and loleat nb :1 SD. The differences were significant (0.01 < were utilized exclusively during oleate and linoleate absorption, the smaller particles (VLDL) assumed greater significance during palmitate absorption.
Ministered fatty acid. Linoleic acid adminis-
This increased use of an apparently inefficient trans--ed in increased lymph triglyceride levels port mechanism during palmitic acid absorption may rerely to the chylomicron fraction, whereas flect differences in physicochemical properties among acid triglyceride increased in both chylo-the fatty acids. Thus, saturated and unsaturated fatty VLDL. Oleic acid appeared to occupy a acids differ in molecular configuration (10) It is of particular interest in this regard that unsaturated fatty acids, which lower plasma cholesterol in man and experimental animals, were found in the present studies to favor the transport of intestinal lymph cholesterol in a lipoprotein form, the chylomicron, which has a relatively short plasma survival. It has been suggested (9) that such differences in the lipoprotein form in which lymph cholesterol enters the plasma may have a bearing on the development of atherosclerosis.
There is evidence that dietary triglyceride entering the circulation in the form of chylomicrons may be taken up directly by peripheral adipose tissue, thus bypassing the liver (12, 13) . The exact quantitative significance of this phenomenon is not yet certain, but it may account for the removal of most of the chylomicron triglyceride from plasma. It seems quite likely that intestinal lymph VLDL, persisting as they do for longer periods of time in the circulation, would be even more lYkely than chylomicrons to have their triglyceride removed by peripheral tissues. Thus, not only the cholesterol, but also the triglyceride in lymph VLDL could be subject to metabolic fates differing quantitatively from those involving the same lipids in the chylomicrons.
The present studies have demonstrated that during the absorption of dietary lipid, the small intestine produces triglyceride-rich lipoproteins which include not only particles having characteristics of chylomicrons as ordinarily defined and studied, but also others which more closely resemble plasma VLDL. The VLDL (Sf 20-400) are particularly impor ant in lymph triglyceride and cholesterol transport during the absorption of palmitic acid. These observations suggest that variations in lipoprotein production, occurring at the intestinal level, may have a significant effect upon the subsequent metabolism of absorbed dietary and endogenous lipids.
